The new phosphonate-carboxylate ligand from 4-phosphono-biphenyl-4′-carboxylic acid (H 2 O 3 P-(C 6 -H 4 ) 2 -CO 2 H, H 3 BPPA) is based on the rigid biphenyl system and is studied toward the coordination behavior of group 12 elements zinc, cadmium and mercury. The crystalline products from hydrothermal syntheses highlight the versatile and different coordination modes with the (partially) deprotonated H 3 BPPA ligand to
Introduction
Metal-organic frameworks, MOFs, and coordination polymers became a rapidly growing research area in recent years, because of possible applications, 1, 2 for example in catalysis, 3 sensing by fluorescence changes, 4,5 gas storage 6, 7 and separation. 8, 9 However, the water or moisture stability of such networks is often low. 10 One approach to increase hydrothermal stability is the use of three-or four-valent, highly charged metal ions such as Cr 3+ , Al 3+ , Fe 3+ , Ti 4+ or Zr 4+ in MIL-MOF compounds University of Oslo). [16] [17] [18] Carboxylate linkers were also replaced by azolates with improved stability of analogous or isoreticular compounds. 19, 20 Yet, the focus has seldom been set on very strongly coordinating (organo)phosphonate groups, 21, 22 which could significantly raise the stability of such metal-ligand coordination compounds. Organophosphonic acids, which have a pK a1 of 2.0 for the first and a pK a2 of 6.59 for the second proton, are more acidic ligands than pyrazoles (pK a = 2.49). Organophosphonates generate strong metal-ligand coordinative bonds in thermodynamically stable complexes with high stability constants. Metal organophosphonate compounds are organic-inorganic hybrid materials, 23 can be porous networks, [24] [25] [26] [27] and as such be placed in between zeolite-like 28, 29 and metal-organic framework materials. 30 Metal organophosphonates are stable in water or aqueous environment 31 and can be reversibly hydrated and dehydrated. 27, [32] [33] [34] [35] [36] The use of metal phosphonates in catalysis, luminescence, 37 ion or proton exchange or conductivity 38, 39 and in separation is discussed and investigated. 40 Cobalt and iron organophosphonates exhibit magnetic properties. [41] [42] [43] [44] [45] [46] [47] [48] Organophosphonates can contain additional functional groups such as carboxylate, hydroxyl or amino in the organomoiety which presents a tunable functionality with a wide variety of structural motifs and properties. 49 The controlled growth of crystalline metalorganophosphonate complexes is not a straightforward procedure. 28 This is probably due to the strong metal-ligand bond, which is formed with little reversibility to correct for crystal defects. Therefore, we started to investigate carboxylphosphonate ligands, 50 which can be seen as intermediates between pure carboxylates and pure phosphonates, and share synergies of both ligand classes. Metal complexes with mixed-functional 4-phosphono-benzoic acid (H 3 PPA) (Scheme 1 and S1 in ESI †) with barium, 51 cobalt, 52 copper, 52 europium, 53 lead, 54 lithium, 55 silver, 56 strontium, 57 thorium, 58 titanium, 59 uranium 58 and zinc 55, 60, 61 are known.
Carboxy-phosphonates can form porous or 3D metal-ligand networks. [62] [63] [64] Weng et al. described a 3D zinc carboxyphosphonate, ZnPC-2, as a material for CO 2 adsorption. 65 As in MOFs, di-or tri-substituted rigid phosphonato-arylcarboxylate linkers are a rational choice for rigid networks.
Here we present the synthesis of the new mixed-functional linker 4-phosphono-4′-biphenylcarboxylic acid, H 3 BPPA (4) (Schemes 1 and 2) and four crystal structures of coordination networks with the group 12 metal ions zinc, cadmium and mercury.
The concept of a mixed-functional rigid linker with carboxylate and phosphonate coordinating groups was used to obtain hydrothermally stable coordination networks. Up to now, no carboxy-phosphonate complexes with mercury have been known or published to the best of our knowledge.
Results and discussion

Linker synthesis
The linker H 3 BPPA has been synthesized for the first time here (Scheme 2), following a known procedure by Merkushev et al. to synthesize 4′-iodo-biphenyl-4-carboxylic acid (1) through the iodination of 4-biphenyl carboxylic acid. 66 Compound 1 was transformed into the carboxy methyl ester 2, followed by the nickelĲII) catalyzed conversion to a phosphonate ester (3), which after hydrolysis gave H 3 BPPA (4). Crystals of the 4-iodo-4′-biphenylcarboxylic acid methyl ester (2) were obtained by slow evaporation of a chloroform solution. The crystal structure of compound 2 shows a nearly in-plane conformation of both aryl rings and the carboxy methyl ester group (Fig. 1a) . The dihedral angle between both aryl rings is 1.4Ĳ3)°and between the plane of the -COOMe Scheme 1 4-Phosphono-benzoic acid (H 3 PPA) and 4-phosphono-4′-biphenylcarboxylic acid (H 3 BPPA, 4). Scheme 2 Reaction sequence for the synthesis of H 3 BPPA (4) from 4-biphenyl carboxylic acid. group and its aryl ring it is 8.1Ĳ6)°. In 4-biphenyl carboxylic acid the dihedral angle between the -COOH group and the aryl ring is 29.05°and the dihedral angle between both aryl rings is 2.89°. 67 This implies a better π-conjugation in the 4-iodo-derivative 2. Compound 2 crystallizes in the noncentrosymmetric orthorhombic space group Pca2 1 . The noncentrosymmetric packing (Flack parameter 0.080(17)) 68 originates from the identical orientation of the iodo or carboxyl groups, respectively, along the crystallographic c axis at an angle of ±21.7Ĳ8)° (Fig. 1b) . Crystals of 4-diethylphosphono-4′-biphenylcarboxylic acid methyl ester (3) were derived from mesitylene solution. In the crystal structure of compound 3 (Fig. 2 ) the carboxy methyl ester and aryl ring form a dihedral angle of 13.7Ĳ2)°, the two aryl rings a dihedral angle of 35.8Ĳ2)°.
The thermal stability of the phosphono-carboxylic acid 4 (mp > 350°C, decomp. > 400°C, see TGA in Fig. S18 in ESI †) is higher than that of biphenyl-4,4′-dicarboxylic acid, which has a melting point of 310°C. 69 
Metal compound syntheses and structures
Due to poor solubility of the phosphono-carboxylic acid in most common solvents, the reactions between ligand and metal salts were carried out under hydrothermal conditions at high temperatures (up to 180°C) in water. All five metal complexes 5-9 share the common coordination motif of layers of metal ions, bridged by either carboxylate and phosphonate or the phosphonate group only (Scheme 3).
The zinc compound [Zn 5 (μ 3 -OH) 4 (μ 4 -O 3 P-(C 6 H 4 ) 2 -CO 2 -μ 2 ) 2 ] (5) was obtained from a 3 : 2 molar ratio of Zn(OAc) 2 and H 3 BPPA in water in the presence of oxalic acid. Oxalic acid was added as a buffer to give stable pH values. There was little effect on the yield or product composition when the reactant stoichiometry was adjusted to the ratio found in the X-ray structure in subsequent repeated reactions.
The structure of 5 consists of ZnĲII) ions that are coordinated by hydroxide ions and either carboxylate (-COO − ) or phosphonate groups (-PO 3
2−
). The asymmetric unit contains three crystallographically different zinc atoms (one of them, Zn3 is half occupied on the special position of a C 2 rotation axis, bisecting the O1-Zn-O1 vi angle, Fig. 3a ), two triply bridging (μ 3 ) hydroxide ligands and one fully deprotonated BPPA 3− ligand. Thereby, a {Zn2O 4 } tetrahedron, a {Zn1O 5 } trigonal bipyramid and a {Zn3O 6 } octahedron are formed ( Fig. 3 and Fig. S27 in ESI †). For the five-coordinated Zn1 atom the difference between the two largest angles yields τ = (172.9 − 128.6)°/60°= 0.74, which is closer to the value for a trigonal bipyramid (τ = 1) than for a square pyramid (τ = 0). 70 The two oxygens from the -COO − group bridge two Zn ions and the -PO 3 2− group is coordinated to four Zn ions (Fig. 3a) .
Overall the BPPA 3− ligand bridges between six Zn atoms. The {ZnO x } polyhedra are edge-and corner-sharing ( Fig. 3c and S28 in ESI †). The {ZnO x } (x = 4-6) polyhedra with their bridging μ 3 -OH − , μ 4 -PO 3 2− and μ 2 -COO − groups are arranged in layers (parallel to the bc plane) ( Fig. 3b and c) and these layers are connected by the biphenyl part of the ligand to a 3D network (Fig. 3d) . The phosphorus atom in 5 has four different substituents, thus, is asymmetric and R-configured in the investigated single crystal. Only P atoms of the same handedness are assembled in the layers of 5 giving the non-centrosymmetric point group C 2 (Flack parameter 0.030(3)). 68 ) and the carboxyl group still protonated (-COOH). The asymmetric unit contains a unique zinc atom and the ligand HBPPA 2− on special positions with half-occupancy. This leads to a crystallographically induced disorder of the ligand over two split-positions (Fig. 4a ).
In the cobalt structure with the shorter 4-phosphono benzoic acid ligand, 52 which is analogous to compound 9 (see below), the same disorder of the phenyl ring and of the -COOH was observed. The Zn atom is coordinated by six oxygen atoms in a distorted octahedron with four shorter bonds in the equatorial plane and two longer axial bonds. The oxygen atoms of μ 6 -PO 3 2− coordinate to six zinc ions with each O atom bridging two zinc ions (Fig. 4a) . The distorted {ZnO 6 } octahedra are edge-sharing and form a flat honeycomb layer parallel to the ab plane ( Fig. 4b and c) . The 2D-{Zn(μ 6 -O 3 PC-)} layers are connected by the biphenyl-carboxylic acid part of the ligand to a supramolecular 3D network through the carboxylic acid groups which are oriented towards each other with the typical tail-to-tail arrangement, also known as R 2 2 (8)-motif in the Etter-notation ( Fig. 4d and Table S5 in ESI †). 76 Similarly compound [CoĲμ 6 -O 3 P-(C 6 H 4 ) 2 -CO 2 H)] (9) was prepared from an equimolar ratio of CoCl 2 and H 3 BPPA in water. The single-crystal data set of 9 was not of sufficient quality to present a publishable structure determination. Yet, the isostructural nature of 6 and 9 could be established and also confirmed by comparison of the powder X-ray diffractograms (see Fig. S24 in ESI †).
The cadmium compound [Cd 3 (μ 6 -O 3 P-(C 6 H 4 ) 2 -CO 2 -μ 2 )(μ 6 -O 3 P-(C 6 H 4 ) 2 -CO 2 -μ 3 )] (7) was obtained from a 3 : 2 molar ratio Table 1 . 
Selected distances and angles are given in Table 2 .
of Cd(OAc) 2 and H 3 BPPA in water in the presence of oxalic acid (added to allow stable pH values).
In the crystal structure of 7, the asymmetric unit consists of three different Cd atoms and two fully deprotonated BPPA 3− ligands. The Cd atoms are coordinated by six oxygen atoms from both μ 2 -and μ 3 -COO − and μ 5 -PO 3 2− groups ( Fig. 5a ). Significant distortion from classical octahedral towards trigonal-prismatic (TP) geometry around Cd is clearly revealed in the structure of 7 (see Cd-polyhedra in Table S12 in ESI †). An idealized octahedron has two exactly parallel, staggered equilateral triangles and all edges of side s (Scheme 4). Consideration of the angular parameters θ, ρ and ω (Scheme 5) in the comparison between octahedral and trigonal prismatic limiting structures 77, 78 indicates that the Cd polyhedra in compound 7 can be regarded as distorted trigonal prisms (see average values in Scheme 5 from the data in Table S12 in ESI †). The -PO 3 2− oxygens bridge between five Cd atoms, while the -COO − groups bridge either two or three Cd atoms ( 110 .38 (19) a Symmetry transformations: i = x, y, 1 + z; ii = x, 1 + y, z; iii = x, y, −1 Table 3 . Angles are listed in Table S6 in ESI. † Scheme 4 Octahedron and trigonal prism with enhanced triangular faces and relevant parameters for the assessment of their relationship. ϕ is the twist angle between the enhanced triangles around the C 3 axis. the ab plane) (Fig. 5b and c) and these layers are connected by the biphenyl part of the ligand to a 3D network (Fig. 5d) .
Compound 7 crystallizes in the non-centrosymmetric orthorhombic space group Pca2 1 . The non-centrosymmetric packing (Flack parameter 0.007 (9)) 68 originates from the identical orientation of the phosphonato ends (or the carboxylato ends, respectively) of the
linkers along the crystallographic c axis (Fig. 5d) .
Five edge-and vertex-sharing {CdO 6 } polyhedra form a pentagon, which assembles into a 2D mcm-net (Fig. 6a) . 79 In Fig. 7a) with a severely distorted tripodal HgO 3 coordination, which is tilted with respect to the Hg-Hg bond ( Fig. 7b and Fig. S32 , ESI †). There is one short Hg1-O1 contact of 2.118(13) Å and two considerably longer contacts Hg1-O2 iii = 2.566(16) Å and Hg1-O3 iv = 2.729(15) Å (Table 4 and Fig. 7a ). This coordination environment agrees with a classical L-Hg(I)-Hg(I)-L species. For Hg(II), a higher coordination number of four to eight is expected, whereas a coordination number of three for H(II) is very rare. 84 More importantly, no direct Hg-Hg bonds are found in coordination polymers of mercury(II). 84 For Hg 2
2+
, there are several examples of complexes in the Cambridge Structure Database in which the overall coordination number of a Hg(I) atom is four. 85 Furthermore, an in situ reduction of Hg 2+ to Hg 2 2+ was also observed by Su et al. Table  S12 in ESI. † 
79
The phosphonate groups of six ligands (three on each Hg) are bridging the Hg-Hg handles to a flat 2D-{Hg 2 (μ 3 -HO 3 P-)} layer ( Fig. 7b and c) . These 2D-layers are connected by the biphenyl-carboxylic acid part of the ligand to a supramolecular 3D network through the carboxylic acid groups which are oriented towards each other in the tail-to-tail arrangement (R 2 2 (8)-motif in the Etter-notation) 76 ( Fig. 7d and S32 , Table   S8 , ESI †).
A
86 A compound of mercury with a phosphono-carboxylate linker has been unknown. There are seven entries in the Cambridge Structure Database, CSD, with a -P-O-Hg coordination, from which only two (AFIWES 87 and SARSAF 88 ) contain phosphonates coordinated to HgĲII) and of which none has Hg-Hg handles. All metal-linker compound 5-9 share the layer motif for the {MO x } polyhedra. The driving force appears to be the separation of polar and nonpolar parts of molecules, which is a common packing motif. [89] [90] [91] CH-π contacts between neighbouring biphenyl systems in 5-8 are listed in Tables S9-S11 in ESI † with angles and distances of significant interactions.
A listing of the dihedral angles in the BPPA linker in complexes 5-8 is given in Table S13 in the ESI. † With dihedral angles ranging from 0.1Ĳ6)°(5) to 2.0Ĳ2)°(8), the aryl systems are nearly co-planar (0°) to each other, favouring the π-electron delocalisation. The aryl-COOĲH) angles vary from 2.0Ĳ2)°(6, 7) to 16.3Ĳ9)°(5), which is explained by the different state of protonation and coordination of the -COO group. Still, a close to planar geometry of the ligand is observed in all complexes.
Hydrothermal stability
The noteworthy water stability of the complexes 5-9 has been investigated by long-time exposure of the complexes in water. IR and powder X-ray diffraction, PXRD, did not indicate any structural changes within months. Furthermore, the hydrothermal synthesis conditions (water at 180-200°C) would not allow the formation of water-unstable structures.
The thermogravimetric behavior in Fig. 8 (detailed Fig.  S19 -S23 in ESI †) reveals a high thermal stability for 5 and 7. The thermally stable ligand (m.p. >350°C) contributes to the overall stability of the compounds through the strong metalphosphonate coordination. The mass loss of ∼5% in 4 (see Table 4 ; hydrogen bonding interactions in Table S8 in ESI. † This article is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence. −1 , 6%) through the condensation of phosphonic acid groups to give anhydrides. 92 Compounds 5 and 7, where the ligand is fully deprotonated without a remaining -COOH group, start to decompose at ∼400°C. The isostructural compounds 6 and 9, where only the phosphono group is deprotonated (-PO 3 2− ) and the carboxyl group still protonated (-COOH), show a steady weight loss starting at ∼150-200°C, presumably first by a condensation (−1H 2 O, 18 g mol −1 : 5.3% in 6 and 9)
followed by a decarboxylation (−1CO 2 , 44 g mol −1 : 13% in 6;
13.5% in 9). The mercury compound 8 undergoes a rapid mass loss, starting already at ∼100°C, which can also be observed in other Hg complexes. 93 A decarboxylation is observed in the temperature range from 120 to 180°C (−1CO 2 , 45 g mol −1 , 9.5%). Hg complexes vaporize completely because of the high volatility of elemental Hg above 500°C. Elemental Hg is formed by decomposition of intermediate HgO to its elements.
Luminescence
Many organic molecules are only fluorescent in solution because in their solid-state they are subject to self-quenching with concomitant low quantum yield of their luminescence. 94 Immobilization/rigidification of organic molecules as linkers or as guest molecules in a solid framework like a coordination polymer 95 or MOF with d 10 metal ions such as Zn 2+ and Cd 2+ will reduce non-radiative relaxation caused by free rotation and vibration and, therefore, lead to stronger emissions.
96,97
The emission spectrum of 4 ( Fig. 9) shows a broad band with a maximum at around 365 nm when excited at 316 nm. The spectrum is comparable to that of dihydroxybiphenyls, such as 4,4′-dihydroxybiphenyl (λ max = 354 nm) and 2,2′-dihydroxybiphenyl (λ max = 356 nm) and many other previously reported substituted biphenyl systems (λ max = 318-420 nm). 98 It is well documented that the luminescence observed in MOFs or coordination polymers of transition metal ions without unpaired electrons (such as Cd 2+ and Zn 2+ ) are typically ligand centered. 99, 100 The emission spectra of the Zn compound 5 (λ ex = 354 nm), the Cd compound 7 (λ ex = 350 nm), the Hg compound 8 (λ ex = 345 nm) and the Co compound 9 (λ ex = 360 nm) also exhibit broad emission bands in the visible range at 410-420 nm suggesting that the luminescence in all compounds originate from the electronic transitions of the ligand. The emission spectra of the complexes are red shifted compared to that of the ligand, 4, due to the different coordination and crystal packing interactions. The positions of the emission bands may be explained by different dihedral angles of the aromatic rings in the ligand and the complexes. Smaller dihedral angles result in enhanced π electron interactions, which in turn shift the emission bands to lower energies. 101 Although the dihedral angle in the ligand 4 is not known, in the metal compounds it is consistently very close to 0°: 0.1Ĳ6)°(5), 1.5Ĳ1)°(6), 0.5Ĳ2)° (7) 
Conclusions
We have presented the crystal structures of five complexes with the new BPPA 3− or HBPPA 2− ligand. The new mixedfunctional linker assumes (five) different metaloxygenĲligand) coordination modes depending on the metal. Yet, all metal-linker compounds 5-9 share the common motif of {MO x } polyhedra arranged in a mostly flat layer, which are connected by the biphenyl part, either directly or through tail-to-tail carboxyl groups. This way, polar and nonpolar parts of the molecules are separated, which is a common packing motif. In the flat {MO x } layers in 6 and 7 the Zn and Cd metal nodes represent a honeycomb and an mcm net, respectively. Between the biphenyl groups, CH-π contacts are present (see ESI †). The coordination polyhedra of the Cd atoms in compound 7 were analyzed towards a trigonalprismatic coordination environment. When the linker is fully deprotonated to BPPA and carboxylato, -COO − function leads to hydrothermally stable network compounds.
Experimental section
Materials and methods
All reactants were commercially available and used without further purification. Doubly de-ionized (DI) water was used. Elemental (CHN) analyses were performed on a Perkin Elmer CHN 2400.
1 H, 13 C and 31 P NMR spectra were measured with a Bruker Avance DRX-200, Bruker Avance DRX-500 or Bruker Avance DRX-600. High-resolution electron-spray ionization mass spectra (HR-ESI-MS) were collected with a UHR-QTOF maXis 4G from Bruker Daltonics. Electron impact (EI) mass spectra were collected on a TSQ 7000 by Finnigan MAT. FT-IR spectra were recorded in ATR mode (Platinum ATR-QL, Diamond) on a Bruker TENSOR 37 IR spectrometer in the range of 4000-500 cm −1 . The absorbance bands have been described by the following terms: strong (s), medium (m), weak (w) and broad (br). Solid-state fluorescence spectra (2D) were obtained with a FluoroMax spectrometer from Horiba at room temperature. The samples were ground to a powder and pressed to fit securely in the sample holder (the mercury compound 8 has not been measured because of its toxicity). The reflection angle was set to be 60°. For thermogravimetric analysis (TGA) a Netzsch TG 209 F3 Tarsus was used, equipped with Al-crucible and a measurement range from 20 to 700°C with a heating rate of 10 K min −1 under inert atmosphere (N 2 ). Programmable ovens with heating and cooling ramps were from Memmert. Melting points were determined using a Büchi Melting Point B540. For powder X-ray diffraction patterns (PXRD) a Bruker D2 Phaser powder diffractometer was used with flat panel low background sample holder, CuKα radiation (λ = 1.5418 Å) at 30 kV, 10 mA, a scan speed of 0.2 s per step and a step size of 0.02°(2θ).
Circular dichroism (CD) spectra of 5 were recorded on a J-810 spectropolarimeter (JASCO) with KBr pellets (0.05 wt% of 5). To correct for linear anisotropy artifacts the KBr pellets were rotated during a measurement by the use of a motordriven sample holder (20 rpm). The detector integration time was set to 16 s (scan rate: 20 nm min −1 ). Each pellet was measured on the front and the reverse side. The resulting spectra (see Fig. S33 in ESI †) were averaged.
Single crystal X-ray diffractometry
Suitable crystals were carefully selected under a polarizing microscope, covered in protective oil and mounted on a 0.05 mm cryoloop. Data collection. Bruker Kappa APEX2 CCD X-ray diffractometer with microfocus tube, Mo-Kα radiation (λ = 0.71073 Å), multi-layer mirror system, ω-and θ-scans. Data collection with APEX II, 102 cell refinement with SMART, data reduction with SAINT 103 and experimental absorption correction with SADABS. 104 Structure analysis and refinement:
The structures were solved by direct methods, SHELXS-97, refinement was done by full-matrix least squares on F 2 using the SHELX-97 program suite. 105 Non-hydrogen atoms were refined with anisotropic displacement parameters. Hydrogen atoms were positioned geometrically and refined using riding models [AFIX 43 for aromatic CH with C-H = 0.93 Å, AFIX 23 for CH 2 with C-H = 0.97 and U iso (H) = 1.2U eq (C), AFIX 137 for CH 3 with C-H = 0.96 Å and U iso (H) = 1.5U eq (C); AFIX 83 for -COOH and U iso (H) = 1.5U eq (O)]. Hydrogen atoms H1 and H7 on the OH groups in 5 have been freely refined in position and U iso . Crystals of 5-9 were of very small size. It is known that very small crystals diffract weaker than larger crystals, 106 resulting in lower data quality and subsequent problems during refinement. Some of the checkcif alerts are due to the small crystal size, e.g., poor data/parameter ratio (6, 7). In 6 the disorder of the biphenyl moiety (treated with the PART command in SHELX) and -COOH group, which can have two different orientations, is causing level B alerts. The large residual electron density near the Hg atoms in 8 gave level A and B alerts. Nine of the 13 largest peaks of the residual electron density (including the three largest) are within 2 Å of the Hg atom in 8. Crystal data and details on the structure refinement are given in Tables 5 and 6 . Graphics were drawn with DIAMOND. 107 Analyses on the supramolecular C-H⋯O-, C-H⋯π-and π-π-stacking interactions were done with PLATON for Windows. 108 The crystallographic data have been deposited with the Cambridge Crystallographic Data Center (CCDC-numbers 1465329-1465334 for 3, 6, 8, 5, 2, 7, respectively). separated, the upper DMF layer was discarded, the solvent from the yellowish CCl 4 was removed in vacuum affording an off-white powder (5.0 g; 98% yield). Alternatively: In a 250 mL flask 2.5 g (7.9 mmol) of 1 were suspended in 100 mL of dry methanol. Conc. sulphuric acid (5 mL) was added and the suspension heated to reflux for 4 h. The solid was filtered and washed with plenty of water (>100 mL) to remove the acid and methanol. The product was dried to afford 2.4 g (90%) of an off-white powder. Mp = 188°C (lit.: 189°C). 4-Phosphonato-4′-biphenylcarboxylic acid (4), H 3 BPPA. In a 100 mL glass flask 1.0 g (2.87 mmol) of 3 were suspended in 15 mL of 37% hydrochloric acid and refluxed for 20 h. The off-white product was filtered and washed with plenty of water to remove any residual hydrochloric acid from the product. The product was dried to give 0. O) were mixed in 1 mL of doubly deionized water and heated to 190°C for 72 h. After cooling to ambient temperature within 24 h colorless, needle-shaped crystals were obtained. Crystal yield 17.0 mg (51%); adjustment of the reactant stoichiometry to the ratio found in the X-ray structure of the product does have little effect on the yield. The synthesis of 5 also led to the formation of platelike, colorless crystals, which were found at the bottom of the reaction vessel. It was shown through the independent synthesis of 6 that those were crystals of 6, which had been formed as by-product to 5 ( (Fig. S14, ESI † O) and 3 mL of DI water were placed in a Teflon-lined stainless-steel autoclave, which was heated to 190°C within six hours, kept at this temperature for 48 h and then cooled to room temperature over 24 h. The product was filtered, washed with water (3 × 10 mL) and dried in air to obtain a white powder. [HgĲμ 3 -HO 3 P-(C 6 H 4 ) 2 -CO 2 H)] (8). Caution: Elemental mercury and its compounds are highly toxic and should be handled under adequate safety conditions, wearing gloves, dust mask and using fumehoods! Inside a Teflon-lined stainless-steel autoclave 11.0 mg (0.034 mmol) of HgĲOAc) 2 and 3.6 mg (0.029 mmol) of oxalic acid dihydrate were weighed and dissolved in 4 mL of DI water. A portion of 10.0 mg (0.036 mmol) of H 3 BPPA was added and the suspension stirred to homogeneity. The reactor was heated to 120°C within 24 h and kept at this temperature for 72 h. After cooling to room temperature within 24 h the solids were filtered and washed with water (3 × 10 mL). Colorless block-shaped crystals of very small size (0.01 × 0.01 × 0.01 mm) were isolated, which were used for X-ray structure determination. Crystal yield 8.0 mg (50%). Mp > 300°C. FT 
